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1. Location 
Land bhnagement Unit Six hoVm a s  the ' ' X O F ~  hit'' i s  l o -  

cated i n  the west cent ra l  part  of the  Xavajo Eeservction. The 
greater gortion, or &3,649 acres  i s  i n  1Tava.j o County ~yitl-. t h e  

zona, balance of 55,599 acres i n  Coconino County, a l l  i n  -+I 

The whole of th i s  z e a  was included i n  t h e  land which was 
est thl ished as an Indian Xeservation "for lhe use of the Hopi 
and other  ~nd ians"  by an Executive Crder on Decenber 16, 1562. 
The e n t i r e  u n i t  has been surveyed by t h e  Coast and Geodetic 
Service and i s  marked by sect ion corners, 

11. Area and Boundaries 

The computed acreage of t h i s  a rea  i s  b99,248 acres ,  The 
boundaries are  r a the r  w e l l  defined and easy t o  follow ir_ the 
f i e l d  since they l i e  aloog proninent topographical features 
as mess e s c a r p e n t s ,  vmshes, r idges,  e tc .  This u n i t  is bounded 
on the nor i;h b-- V n l t  Four, on t h e  e a s t  by Unit Seven, on $he south 

r'l by U n i t  Pive, and oil the ves t  by U n i t  Three. L O  quote froa 
the  rcn.go report: " In  most cases there  appears t o  be Little 
i ivesto3k movenent across the boundcries ; hwever  dontinued f r ic-  
t i o n  occurs between the Kavajos and Eopis especial ly  in  the vi- 
cinibf of " ~ l u e  Pointt"n regard t o  range use and it is  suggested 
t h a t  a d e t a i l  study be made of  t h i s  problem and a de f in i t e  bound- 
a r y  decided upon, 11 

111. Topography and Elevations 

The topography of the northern portion of t h i s  u n i t  is  
characterized by high elongated mesas which a r e  finger-like ex-  
tensions of the Black Mesa on t h e  north. Between these mesas 
a r e  found a l . l ~ , i ~ i a l  val leys cut by the main drainages of the 
Oraibi, Dinnehbitoh, and Folacca Washes. Occasional heads a r e  
seen along e i t h e r  sides of these washes; hawever s ide  k a i n a g e s  
and runoff are w e l l  absorbed in  most places by the extensive and 
numerous Hopi farms ~t t h e  toe of the steeper slopes. The 
southern portion of the wit is  1.ess r q g e d  and broken than 
t h e  northern sect ions exhib i t icg  a r o l l i n g  and undulating to- 
pography. Fron west t o  e a s t  the nnin drainages of the Dinnehbitoh, 
e a i b i ,  and the Polacoa Tashos coupse i n  a southeaster ly d i -  
motion.  The Dinnehbitoh Vash f o m s  the western boundary of t he  



u n i t  and l i e s  tavard the west of th i rd  mesa. The Craibi .:*:ash is  
t h e  boundary betvreen f i r s t  and second mesas; it enters  t h e  uni t  
a t  the northeast corner of C.uadrangle 11 and extends a?proxinata- 
l y  26 miles through the u n i t ;  leaving about seven miles soukheast 
of "Blue Point", The Polacca Vash enters  the m i t  on the eastern 
s i d e  along the l i n e  between Guadrangles 14 an2 13, extendine 
f o r  a distance c.f about 34 miles before it lecves a t  the southern 
end near t h e  middle of Quadrangle 16. The Ykpo Xash is t h e  larg-  
e s t  t r ibutary  to  t h e  Polacca entering t h e  uni t  cn the nor th  
several miles west of northeast corner of Cuadrangle a, ex- 
tending s o u t h e s t  b e b e e n  f i r s t  and second mesas and joir-ing 
t h e  Pclacca about four miles south of Foreva Kern's 
Canyon 'flash should a l so  be nentj-oned; joining the  Polaccn jus t  
e a s t  of +he vi l lage  of Polacca it i s  a s izable  t r i b u k r y  
and heads i n  Unit Seven. .4t one time it threatened a nwrbor 
of f ie lds  a d  orchards i n  t h e  v ic in i ty  of the I ~ : Z T ? ' C  ?LP:OT? 
Agency 

The elevat icn varies  from about 6,GoO fee t  t o  5,4.00 f eo t .  
The elevation a t  Reants Canyon i s  6,180 f e e t ,  a t  Polacca 5,800 
f e e t ,  a t  Oraibi 5,700 fee t ,  a t  Eotevii!a 6,363 f e e t  and a t  the 
point where Ile Dimehbitoh Vash leaves the  mit around 5,400 
:Peet. r/i!ua. 4 ';an uf' f i r s t ,  second and t h i r d  mesas and the southern 
porticn of tho u n i t  are  given on the  accompanying climatalog- 
ha1  ohart together with o'her pertinent data. S~?CI.,C r. 

N .  Agricultural S o i l s  

From the  r epor t  of the Soi l ' s  Branch the following i s  taken: 
"The Crown Serlies i s  extensively cul-tivated; i t s  topographic 
posit ion on the toe slopes of the mesas ennbles runoff from the 
s t eep  escarpments t o  be u t i l i zed  on small flood i r r i g a t i o n  plots.  
There i s  a tendency for t h i s  s e r i e s  t o  be  drouthy because of 
the l ight  subsoil. This i s  par t icular ly noticeable i n  Sub-unit 
I . 

The Ives and Ci3nch0 se r l e s  have many  characteristic^ i n  
common w i t h  the Crwn Series.  They are located on fans of washes 
and consequently &;e I r r i g ~ t e d  by flood vrater wi th  l i t t l e  e f fo r t .  
These two s e r i e s  are s imilar  i n  t h e i r  heavy subsoi l  and lend 
themselves t o  i r r i g a t i o n  mly when st l i g h t  surface s o i l  i s  pres- 
ent and the  subsoil  pervious enough t o  allow adequate drainage. 

The Dimehbitoh and liepo se r i e s  a r e  separated on the bas is  
o f  calcareousnoss and from a land use standpoint a r e  very s i m i -  
l ~ r .  These so i l s  w i l l  be very sa t i s f ac to ry  for  a g r i c u l t u r a l  use 
mhere suff ic ient  water i s  avai l r~ble .  



I 
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The deep a l l u v i a l  so i l s  have been grouped on a reconnais- 
sance basisc&tkoir  adaptabi l i ty  t o  i r r iga t ion  and have been 
given a basic  grade o r r f b ~  normal p ro f i l e  charac ter i s t ics .  The 
f ac to r s  of erosion, slope, a lka l i ,  dispersion, permeability and 
water -holding capaoity modify the t as i c  grade. Suscept ib i l i ty  
t o  wind erosion i s  n o t  given a s  mrch weight i n  an ag r i cu l tu ra l  
consideration as  i n  a range consideration since it i s  assumed 
tha t  when adequate i r r i g a t i o n  xater  i s  applied the  vegetative 
cover and moisture i n  the s o i l  surface w i l l  reduce wind erosion 
t o  a m i n i m .  

Local areas  of residual  so i l  types m e  adapted t o  dry farm- 
ing; these a r e  generally smll and represent so small a portion 
af %he total  cul t ivated area tha t  t h e y z e  not given spec i f ic  
consideration. 

V.Veg;ekative Types 

For a l l  general purposes the vegetation of t h i s  uni t  can 
be grouped in to  three  majcr types; grassland, brovse, ~ n d  vrood- 
land. All. lands types inaccessible, ba:.ren, and barren wi th  
weeds ,have been ternnd waste (see the folloviing tab le) .  

Vegetative Ty:pes 
P % of 

Foraye Types S u ~ f a c e  of Forage C a r ~ j i n g  
Acres Area 

Grassland 169,634 3?.% 

Sagebrush 3,527 71 3ee; *e7 

Pinon and Juaiper 38,465 7.70 2,b82 5 *63 

Waste 19,356' 3.87 o o 

Cultivated .lo,404 2.08 0 0 

Total 499,248 100.00 344,078 100.00 

Some of the most common grasses found a re  blue gram,  
ga l le ta ,  a l k n l i  saccaton, sand dropseed, three avm, and spiny 
muhley. Of the shrubs the more common species a r e  ,bush n i n t ,  
chamjcse, greasewood, mormon t e a ,  shadscale, yellovr brush, snake- , 

weed, rabbi t  brush, salt brush, and parryella.  Of the weeds 



me f ind Russian t h i s t l e ,  croton, Colorado bee-vieed, and lambs 
quar:ler . 

71, Erosion 

Wind erosion i s  ac t ive  on over-grazed m e a s  of Ruell, 
Todikko, r'loy, and Crown s o i l  ser ies  and almo;t universally i n  
the v ic in i ty  t3f farming areas .  The prac t ice  of breaking and 
farmhg a plot for  a few years and abandoning i t  when the l i g h t  
surface so i l  has  been blovm .may has mater ia l ly  eggravated t h e  
wind erosion problem. Grazicg on and near concentrated farming 
areas o f t e n . s t a r t s  a aovement of sand across a farm t h a t  proves 
very detrimental to  cropping. As an extreme example a small. 
dune of  moving sand on F i r s t  LIesa in 1925 has spread t o  cover 
area in  1937 of about 1089 acres  and i s  rapidly extending nor th  
and e a s t .  

The mic washes of the Dinnehbitoh, Oraibi, ana Polacc~,  
have reacked s t ab le  boLtoms and l a t e r a l  erosion i s  only ac t ive  
a t  the bends and turns. In places caving of the s ide banks s t i l l  
continu=s a f t e r  cloudbursts b u t  a f a i r l y  s tcb le  width !=,as been 
reached i n  most sections.  

From these deep and meandering n a i n  drainages i'mv side gul- , 

l i e s  a r e  found. As ~ e n t i o n e d  under topography and drainage t h i s  
i s  due ts the f a c t  t h a t  most a l l  vmter i s  absorbed b y  the farms s i t -  
ii;.t.od a t  the t o e  of the  steeper slopes and mesa escarp;r,ents, 

Gully erosion i n  s i d e  val leys and draws tvas not act ive t o  
a n  appreciable extent pr ior  t o  the t o r r e n t i a l  storms of 1923, 
During t h a t  period deep gu l l i e s  cut through tho  s t ab i l i zed  drain- 
ageways of the feeder o r  s ide valleys and dorm the t o e  slopes 
from the base of the c Y f f s  and escnrpments. Since then a c t i v e  
cutting has continued except on those few where vegetation has 
gained hold m d  tended t o  bring s tab i l iza t ion ,  

Sheet and sm11 gu l ly  erosion is c r i t i c a l  along the e a s t  
s i d e  of the Dimehbitoh Wash, s o u t h ~ e s t  of t h e  west poinf of 
second mesa and east  of the Oraibi Wash, along the saccatone draw 
j u s t  south and west of " ~ a d ~ e r  ~ u t t e " ,  i n  the v i c i n i t y  of " ~ u r r o  
 rings" and i n  the northern portion of  the u n i t ,  pa r t i cu la r ly  
along t h e  divide between the Wepo and Oralbi Washes. These 
c r i t i c a l  areas w i l l  be discussed Gder  Erosion Control and 
Ikterspreading Projects (see Cards 1;, 5 ,  5A, 13, 4, 15, 35, 
18, 29, 36, 37, 381 2?4, 451 46, 47.1 



VII , CLIXfiTOLOGICfU DATA 

Area or Eleva- Avg. Annual* Average Lmual* lhxirmun* 
tion Precipitation n 

Station L ex pra%ur e Temperature --- -..- 
-A- 

Keams Canyon 6,134 12 .43" 50% 96' 
Jeddito 6,250 12 .501* ~ O O F  96' 
First &sa 5,800-6,400 11't-13't 5l0-b9o 96O 
Second Mesa 5,600-6,300 10"-12$" 52O-lk9' 96O 
Th:'rd EBesa 5,700-6,400 109 -231t 520-4g0 96O 

Southern ~alf/unit 5,400-5,700 92'-l&Jt 55O-5Z0 98' 

I Table (continued) 

Avg. Date * Avg. ~nte*. Avg. Lgth,* : 
Ann, Min. * First Lasf; Growing 

Area or - Ternpegatwe Killing Killing Season 
Station F Frost Frost 

Keamls Canyon -12O Oct. 12 * 

Jeddito 
0 

- lpO Oct. 12 
First Uesa -12 Oct. 12 
Second Mesa -12O act, 12 
Third Mesa -12O Oct. 12 
Southern Ealf/~nit -lo0 0 c t .  15 

*All figures except elevations are estimates based uton elevation, vegetation, and the reoords 
for Keam* s Canyon, Jeddito and Land Lb-nagement Unit -7f4 and Unit #Jj. 



UP. Tom %eks (Junior ~ e o l o ~ i s t )  has wri t ten  a very 
good reconnaissance of t h e  geology of Unit Six. For a 
discussion as t o  physiogra~hy and general geolo,gy, s l r a t i -  
grapb.y, cretaceous fomat icns ,  pleistocene deposits,  and 
landslides see %he range repcri; of P+. 7:. 9. ElcKinney. 
Selaw are included other portiocs of i.!r. Keekfs report  which 

* 

the wr i te r  f e e l s  a re  more pert inent  fron! an engineering 
standpoint. 

''DIP- DEPOSITS 

Coal 

n~ommercial coal d e ~ 9 : i . t ~  i n  t h i s  u n i t  a r e  confined en- 
t i r e l y  t o  the Eesa Verde f o r m t i o n  i n  t h e  northern ? a r t  of the 
uni t .  The coal occurs i n  lemes interbedded w i t h  shale and i s  . 
usual ly th in ,  36 inches being the th ickes t  bed measured. The coa l  
seam a t  Hems Cacyon mine i; about 8 f e e t  thick b u t  it i s  made 
up cf a l te rna t ing  t h i n  beds of coel  and shales  . Another mine i n  
operation a t  Ornibi m s  not v i s i t ed  but four  t c  f i v e  f e e t  of coal  
i s  reported. Coal was observed from Keams Cwyon vest  and in 
a l l  the mesas i n  t h i s  uni t .  The limited time avai lable  f o r  this 
report  prohibits making an e s t i m t e  of t h e  avai lable  c o a l  or rec- 
omendations for  fu tu re  development. 

"Ground water i n  the uni t  may be divided i n t o  tmo classes, 
a l l u v i a l  and formational. The main vs l leys  of the d i s t r i c t ,  the  
Oraibi and the Polacca have been f i l l e d  w i t h  alluvium t o  a depth 
of 100 f e e t  and more and the sands and gravels  i n  them offer  a 
convenient source of water a t  re la t ive ly  shallow depths. Pinor 
val leys a l s o  of fer  ava i lab le  water i n  shallow wel l s ,  

"The two formational aquifers of t h e  ,region are *he h a  
Verde and Forrison formations. The dakota i s  a possi1;le aquifer 
i n  the  extreme northern portion of the a r e a  but it cannot be 
depended on f o r  s u f f i c i e n t  water t o  j u s t i f y  d r i l l i n g  to  t h e  re- 
quired depth, about 900' - 1,000'. 



 he Yorrison fom-aticn w i l l ,  produce 7:rater a t  a l r o s t  my 
loc?.lity i n  the  u n i t  with depths varying f r o x  2CO f e e t  i n  the 
southern p r t  of 1,200 f e e t  i n  t h e  nor ther?  pa r t  0 2  t h e  d i s t r i c t .  
Care would a l s o  have t o  b e  exercised i n  =king :.re11 lcca t ions  i n  
order  t o  provide n. s u f f i c i e n t  i n t ake  a r ea .  Abundant w a t e r  i n  t h e  
Korrison i s  ususl-ly assured a t  proper locz t ions  b u t  it; i s  univer- 
s a l l y  s a l t y ,  but i n  most places i s  suit?.ble f c r  s tock  and even f o r  
kman  consumption. 

 he Xesa ~ e r d e  f o m  a source f o r  nost  of the springs in  
the  u n i t  b u t  i s  n o t  as s u i t c b l e  f c r  deep wel ls .  The spr ings  a r e  
forced ou t  of t he  base o f  the sandstones by the  underlying in-  
pervious sha l e s ,  and  the water from then i s  t p i c t i c n l l y  almys 
good. Blow sand in  the unit a l so  forms a source f o r  cany of t h e  
spr ings  where it r e s t s  on a f r i r l y  impervious formation,  

n ~ h e  sandstone cf t h e  Xesa Verde i s  one o f  the most s u i t -  

"A few su i t ab l e  bu i ld ing  s tones  m a y  be found i n  t h e  Ilor- 
r i s o n  but t he se  should be  ca r e fu l l y  se lec ted  s i n c e  the Xorrison 
as a ru l e  i s  weakly cemented and has a tendency t o  melt when 
becoming wet.  For t h i s  reason ce re  should be exerc ised ir. using 
t he  Xorrison as a base f o r  reservoirs ,  a l though t h e  s i l t  car- 
r i e d  by t h e  stream i n  t h i s  d i s t r i c t  vould quickly seal  it ." 

 h he rancos i~ a l s o  su i t ab le  f o r  a base f o r  r e s e r~o : . r s  
, i f  proper p ~ e c a u t i o n s  a r e  taken. It is second t o  none i n  i m -  

pe-rviousness on t h e  reservation,  b u t  the s o i l s  derived from it 
a r e  heavy and "pipingN i s  chs r ac t e r i s t i c  and must be guarded 
aga in s t  , 

. . 
P r e c i p i t a t i o n  records  have been k e p t  a t  Keamts Canyon 

f o r  a number of yea r s  wh i l e  a s t a t i o n  a t  Jedd i to  has  been read 
by t h e  t r a d e r  t he r e  during the l a s t  s i x  yea r s . .  Other records  
a r e  ava i l ab l e  f o r  Chin Lee, Kayenta, Winslow, P o r t  Def i m c e ,  
St .  Xichsels ,  and Tuba C i t y .  From t h i s  d a t a  and es t imates  mde 
on  nits Pour a& Five . a '  ~ l i m a t o l o ~ i c n l  c k a r t  has been made 
f o r  various s ec t i ons  of the uni t  giving t h e  e levat ion,  average 
annual temperature, average annual p rec ip i t a t ion ,  maximum 
temperature, minimum temperature, sverage. da te  of f i r s t  and 
l a s t  k i l l i n g  f r o s t ,  and average l eng th  o f  the  growing season,*'?.s 



Runoff calculations were made of t h e  Keam's C a n y o ~ ,  
Polacca, Tlepo, and O r a i b i  Vashes since on these drainages,  c l i -  
~ e r s i o n r  and i r r iga t ion  projects mere planned or examined. 
Several Eopi and Navajo informants were queried and shoved the 
m i t e r  high water m r k s  along these drainases. where large 
floods i n  t h e  past l e f t  debris l ines .  Sections xere taken @ 

at  these pc in ts  and estqima-tes made as ' to t h e  naximm crest, rh ich  
passed a t  those times. From th i s  information and data  secured 
from the study on ZTnit Four an$ Unit Pive four expectance 
charts have been dra-m showing the maximum c res t  t o  be equalled o r  
exceeded within any fu ture  span i n  years. (sea page .) 
'Number 1 l i n e  i s  f o r  *Y'nePolacca :'lash 'L elm the junction with 
the :Yep0 Vash, nwnber 2 f o r  thePolacca 'Jash above the  junction 
with the 'Jepo ?ash,  number 3 for  the 'iiepo Tash above the junc- 
t ion with t h e  Polaccs Sfash, and nunber 4 f o r  Z e m f s  Canyon 
Trash opposite F i r s t  Mesa. Other estimates of maximum c r e s t  
and annual expectancy i n  acre-feet hava been made on those farms 
and special  erosion control  projects which we thought necesse.rj. 
These are s h m  on t h e i r  respective cards. 

With reference t o  t h e  engineering map and nwhering of 
tho draixages the conventional systein has been used; whole 
numbers 1, 2, 3 ,  have been assigned t o  the  main dra9nages of 
the Dinnehbi toh ,  Oraibi, and Polacca ';{ashes . Proceeding upstream 
the drainages on the l e f t  are progressively numbered 1.1, 1.3, 
1.5 e t c .  while those on the r ight  a re  numbered 1.2, 1.4, 1.6. 
etc. Gullies of m y  s i z o  flowing in to  the s ide washes a r e  
given one more decimal, then numbered i n  tine sane m e r  s o  
that t he  f i r s t  gully flowing into 1.1 from the l e f t  i s  1.1.1, 
the second on the l e f t  1.1.3, while those on the r igh t  a r e  
1.12, 1.1.4, 1.1.6, etc .  

C r i t i c a l  erosion control and water spreading areas on 
Unit Six are shown on Card 'jA along a va l ley  south of " ~ a d ~ e r  
~ u t t e " ,  Card 29 eas t  of the Oraibi Vasil and four t o  eight  miles 
west of "Second Xesa, (see Sketch *j .) Cards 35 and 36 along 
the e a s t  slope o f  the Dinnekibitoh 'flash, Card 37, south and 
east of "Blue Point", and Card 3 P  i n  the v i c i n i t y  of "Burro 
Springsn. These c r i t i c a l  a reas  L e very badly overgrazed and 
serious sheet erosion has begun w i t h  gullying p r e ~ o n t  i n  
many places. General treatment w i l l  cost f r ~ m  25$ t o  609' an 
acre and consis t  of horseshoe water conservation and m t e r  
spreading deas and dykes, small ear th  diversion dams and dykes, 
soattered rock and wire spreaders and small rock  drops and checks 
where heads over 2 1/2 are found. It , i s  suggested that  no 



work  - be done on pul l ies  Less than two feet  deeu s i r c e  ae bel ieve 
Plhat ranpa control  m i l l  uart1.r s t a b i l i z e  the  smaller zulLies. 

It must be remembered that treatment only i n  the val leys 
glnd on the  gent ler  slopes w i l l  be feasible .  This cos t  of t r e n t -  
ment w i l l  approach $2.00 an acre on land ac tua l ly  t reated 715th 
indi rec t  befiefits t o  t h e  skeeper slopes and rougher lend. ?Ye 
f e e l  t h a t  since it m s  fmpossible t o  locate each s t ructure t'nis 
per acre  standard was necessary. I h y  isola-ked heads h w e  not; 
been seen; these w i l l ,  however, be t reated ~ 5 t h  noney allocated 
t o  the en t i re  project.  

Semi-cri t i c a l  erosion control and vrater spreading a reas  
are sham on Cards 4 and 5 southeast of $ F i r s t  i'iesn", Cards 
13, lb, 15 on t h e  Wepo drainage near t h e  Pinon road, Cards 
18, 44, 45, 46, and b'7 on e i t h e r  s ide  of the Oraibi a t  the 
northern part of the uni t .  Theseareas are overgrazed and 
gullying beginning; hqvever, we hope t h t  range control ~ v i l l .  
allow almost complete recovery and only recommend treatment 
of the gul l ies  over trro feet  deep and s t ruc tures  a t  thoso l o -  
cations where spreading ground i s  excellent. 

The balance o f  t h e  erosion control  and m t e r  spreading 
projects should be deferred Gntil l a t e r  and n o t  t r ea t ed  un- 
less  the  c r i t i c a l  and semi-crit ical  areas  h a w  been worked 
f i r s t .  

SECIAL EROSIOU CONTROL PROJECTS 

On the 1" to-the-mile F a p  with t h i s  r epor t  a re  shorn 
a number of Special  Erosion Control Projects. . Themjor i t j  
a re  diversions t o  t a m s  or protsction dam and dykes t o  prevent 
hecds from advancing through ag r i cu l tu ra l  or Tam land. In 
the  index th i s  type of d e m l o p e n t  i s  segregated from the 
balance of the Special  Erosion Control Projects,. Some spec ia l  
projects exclusive of t h e  agr icu l tura l  develop-_ents a r e  s h m  
on Card 1, protsction of an agency orchard a t  Keam's Canyon 
by a rock and mire jet*; 5ard 22, t h r e e  l ines  of windbreaks 
protecting the new high school a t  Oraibi from d r i f t i n s  smd 
dunes; Card 30, a s p e c i ~ l  road job t o  save 250 acres of  range 
threatened by road erosion; and Cards 7, 24, 32, 34, and 40 
protecting range and grass  land from head-cutting and serious 
gullying. In t h e  index a re  s h m  those projects  which m y  be 
c l a s s i f i e d  as c r i t i c a l ,  semi-crit ical  and secondary undsr 
oolumn, "Priority1'. 





As mentioned. on Page 9 under "Special Erosioa Control 
Projects" the majori'ky of t h e ,  spec ia l  projects consis t  of 
various types of protections and developments on those farms 
where water i s  not  being u t i l i zed  t o  the f u l l e s t  advantage. 
Examples are  Cards 2, 10, l 7 A ,  19, 20, 25, 26, 27, 31, 33, 
39 and j48. A l l  of these projects have been ca re fu l ly  stud- 
ied  by the  agronomist and engineer together and a plan de- 
cided upon t o  u t i l i z e  the escaping water i n  t'ne bes t  way 
possible. On n:ost of the cards sub jup t ion  cos ts  a r e  shown; 
these have been estimated by the agronomist and are  incor- 
porated within h i s  report. .These f igures  a r e  i n  brackets 
and ham the notat ion " A ~ . .  Report" opposite t o  emphasize 
t h a t  they a re  no t  t o  be included in the  t o t a l s  shown on the 
engineering cards. 

an the balazlce of the farms subjugation w i l l  handle 
floods a rd  runol'f and l i t t l e  m t e r  is  expected t o  be un-used. 
The agronomist has v i s i t ed  eaah individual farm and has cal led 
t h e  enginee? only as  a consultant i n  those cases where di- 
version s t ruc tures  or proteciion dykes seem necessary. Often 
xe haye assumed t h a t  the Indian himself can wi th  shovel 
and s l i p  handle tho smaller :vork gn h i s  individual farm. 

- 

PRESEXT &ID I?.{ OPCSDI AGII ICULTUTZ,?L .U?D mI GAT ION PRCJ3C TS 

The Hard Rock Diversion and I r r iga t ion  Project  
located on the Cbaibi has been given t o  the Eopis and 
i s  included wi th in  TJnit Six. About f i f t y  acres  were cleared 
and leveled during the spring of 1937 but  nothing planted. 
S o i l  i s  clay loam and clay with a few acres of sandy clay 
loam. The diversion s t ruc ture  and sluice-gate were revamped 
and the project i s  now ready for  use. On the Land Bhn~ ne- 
ment Study of Unit  Four we recommend t h i s  project  be given 
t o  the Hopis for  the Iqavajos had f u l l  possession of it for  
a number of years and no development of any s o r t  xas atteapted. 

Proposed agr icu l tura l  6.nd i r r i g s t i o n  projects  have 
been given p r i o r i t y  numbers; Card 12 a s  4#j Card 42, ? ! * ;  
Card &, eflb'; Card 6, '?Bee; Card 2 3 , ' ' s ~ ;  Card 17,"fii)'e; and . . . .  . . 

Card 41, 

Card 12 i s  the  developnent of Farm flj3 i n  Quailrsngle . This i s  tho large farm j u s t  t o  the  north of the Pimn- 
Oraibi highway and about ten miles south of Pinon. During 
the summer of 1936 the. road washed out and was threatened 
by overtopping i n  several  places. Just  south c f  the  highway 
are several  large heads progressing up the va l ley  and en- 
dangering highway, farm, and several thousand ac res  of grass 
and range land. To protect sll of t h i s  covlntry we have 

UNw 135 1 planned on the exgenditure of about $ 200 $2,000 y ! vubp- 
gation costs  on 1,5 acres of pres n t  k r m  ian and 0 3 . 



of expansion wi th  $2,200 allaned t o  cover t h e  cos t  of masonry 
drop s tructure and dykes on e i the r  end. The drop s t ruc ture  m i l l  
s p i l l  excess water t o  t h e  gully southwest of t h e  farm allow- 
ing flows to escape through the bridge without encimgering 
t h e  highmy. A l l  o f  t h i s  i s  s h m  i n  more d e t a i l  on Card 12. 

Card 6, Sketch 110. 1 i s  r a the r  extensive ag r i cu l tu ra l  
development just south of the junotiox of Xeam's Canyon 
Wash and t h e  Polacca mash. Our present plan c a l l s  for  th 
subjugation of 165 aores a t  $15 an acre and t h e  ccnstruction 
of a dyke system as s h m  on Sketch No. I. Gully 3 8 . 2  i s  a t  
present flowing i n t o  several large fa= on the south which a r e  
very heavy clay and nearly impossible to cul t ivate .  To u t i l i z e  
this water we suggest the cons.t;ruction of dykes No. 1 and No. 2 
allowing the development of ddi t ional  land above present farm 
#48. Dykes 170. 3 and M1. b. w i l l  d iver t  f l o w  twrard t h e  lower 
end of farm &I, but should be investigated m r e  closely b efore 
a d e f i n i t e  oonstruction plan i s  decided upon. Should we find i n  
the  fu ture  tha t  this plan ccntinues t o  allow an appreoiable amount 
of water t o  reach t h e  haavy land below where it is  not used, 
we suggest the construction of Dyke 5, which w i l l  d iver t  drain- 
age 3 -8.1: above Dyke 2 and b-ing addi t ional  land i n t o  



use f o r  agr icu l tura l  purposes. Total cost  of t h i s  levelop- 
nent has been estimated a t  *4,335 including subjugation 
at  $2,475 which i s  allowed fo r  i n  the Agonomj 2eport of 
E, A. Nickleson. 

An intensive m d  de ta i led  surttey gas m d e  as t o  the  
poss ib i l i t y  of d iver t ing  the Keamls C-yon 7ash a t  e i t h e r  
A o r  point  B. (see Sketch #I.) ' A t  di-rersior. s i t e  X t;.e hoped 
t o  u t i l i z e  the land ;wing between E.N.33 and 43 but the  s o i l  
r e p r e s e ~ t a t i v e ,  ?LC. 11. F. Johnson, s t a t e d  tha t  t h i s  could 
only be called "c" range land and was no t  suited fo r  ag r i -  
cu l tura l  development. Yardage v~ould be stbout 28,000 i n  the 
dam and cost about 86,000, s o  more than a hundred acres  of 
agr ioul tura l  l m d  would be necessary t o  justify the project.  

' 'if6 then examined s i t e  B snd hoped .i;o d ive r t  drainages 3.2.2 
and 3.?.I!. well above Farn b8 and t o  use water from Keamls 
Csr,;-w Tash on the  farms under present cul t ivat ion.  Yardage 
i n  the ccmplete ec r th  fill diversion clam vrould be approximately 

"reen s t a t ions  - 12 000 wi th  an ~~$Qt>2~. l  17,000 yards needed b e t  
? r ~  err& \%+a 

s o v i s i o n  would e Tecessarj  t o  prevent excess floods from 
concentrating again i n  Kern's Canpi1 'gash. The most pract i -  
c a l  method would b c  t o  continue flooding land *rrjr.; . . - ". 1 y 7  .. ,..<. .f.< .. -: ." .- . . . . . . .  ;A:..: -rlv t o  the  diversion across the  Polacca nine 
miles below the junction of Keamfs Canyon Vash and the Polacca. 
Te  believe that  it w i l l  be impossible t o  ju s t i fy  tinis project  
a t  the present t i n e .  If i n  the future agr icu l iura l  land i s  
a t  a prenium i n  t h i s  v i c in i ty  and we can warrant an expen- 
di ture  of 3100 an acre,  it may be advisable t o  acain study 
a diversioh of Keamls canyon ifash e i t h e r  a t  point  B o r  trrb 
miles above a t  point  C. Belwr C vritkin the dotted c i r c l e  
(see engineering 1"-to-1 mile nap) l i e s  about 100 acres  of 

, A agricul tural  land which might ju s t i fy  a diversion a t  some 
time i n  the  future.  

Ce.rd 23 covers diversion of drainqge 2 .l4: benef i t t ing  
about 50 acres along the  east  s ide of t h e  Oraibi Xash. This 
project l i e s  about one and one-half mi les  soq~theast of the 
v i l lage  of Oraibi and will cost about $1,800 including 2750 
f o r  subjugation of 50 acres  a t  $15 an ac re ,  I f  we see tha t  
addi t iona l  water w i l l  be available from t h i s  drainage, there 
i s  an abundance of good land which may be  flooded. 

Card 17, Sketch 2 i s  ca l led  the '%epo Project". A t  
one time the Tkpo 'Jash fanned over t h i s  country and about 
three hundred acres  were planted i n  corn. It was some of the 
b e s t  land i n  t h i s  vicinil;y and no de f in i t e  < l inage channel 



of i;he wash was present. Short diversion dykes shunted flows 
i n  most any d i rec t ion  desired and water was  very 7:zell u t i -  
l ized over a l l  avai lable  land. During the t o r r e n t i a l  r a ins  
of 1923 when heavy prec ip i ta t ion  occurred f c r  three days, 
gullying began a t  the  Polacca 'Jash below, cu t  up the  Yiepo 
Valley through the corn f i e l d s  and continued on up the drain- 
age. Since t h i s  doimpour i n  1923 ineffect ive md temporary 
dams which soon washed away were throvm across the e);largicg 
wash. About e ight  years ago the l a s t  diversion darn was 
attempted and since then l i t t l e  land has been u t i l i zed  with 
the  s o i l  rapidly blowing away and no chance for  renewal by , 
s i l t  deposits. 

'Ne of Study ~ a r t y ' ~ ~ * c ~ r e f u l l ~  surveyed t h i s  v i c i n i t y  
and believe we have found a very feasible  project. A zro- 
posed plan i s  out l ined on Sketch 2 consisting of a masonry 
or  concrete p z r t i a l  diversion dam, cmal  6ivert ing 200 t o  
300 cubic fee t  per se'cond a s  shvmn on canal alignment 2 ,  
several rock and wire s t a b i l i z e r s  between the  diversicn s i t e  
and the bridge t o  prevent heads i n  the Yiepo from advancing 
t o  the diversion d m  and threatening the en t i r e  s t ruc ture .  
Dykes a t  the diversicn w i l l  e n t a i l  2,500 yards while a pro- 
tec t ion  dyke around heads near t h e  highway w i l l  take about 
3,000 yards of e a r t h  work. Canal will: extend about b:~o miles 
and handling 250 c/f/s ~ u s t  be about 30' x 2 3  a t  the  begin- 
ning, dirkinishing i n  s i z e  u n t i l  a t  the end it i s  four  or  f i v e  
wide. The ten ta t ive  plan suggest? turn-out boxec a t  i n t e r r a l s  
with s e v e r d  overflow structures  t o  handle flood water reach- 
ing  the canal from slopes on the northvest. Several snall 
protection dykes may he necessary along the  edge of t h e  
aYroyo t o  prevent flows from again concentrating i n  t h e  wash. 
The agrononis.:, Er. E. Z .  Nickleson, rnd the  so i l ' s  repre- 
sentat ive,  lira E .  F. Johnson, believe 300 acres can be flood- 
ed; these a t  a subjugation cost of $18 per acre w i l l  cos t  
$5 , ~ O O .  Windbreaks w i l l  be necessary i f  extensive sub jugation 
i s  followed. This i s  discussed i n  the planting r epor t  pre- 
pared b y  ;Lr. Gale Xonson, biologis t .  

Cost sunnary of the Xepo Froject follows: 

b s o n r y  Pa r t i a l  Diversion Dam - 234 yds. @ $3 050 -$ 
b i t e  Pl.acing --------- 175 sq, yds. we "A!' ------------ 2,500 yds. @ 8 2 0  - 
Riprapping --------.,--------------------------- 

Two Sausage S tab i l i ze r s  -----------I------------------ 
Canal 0-00 - 108+00 -------- 10,000 yds . @ 8 020 
~ y k e  ~ B H  -----------------I- 3,000 yds. e 8 .20 
Dykes along edge of m s h  -------------------------.---- 
Subjugation - 300 acres  ------------------ 8 $18.00 

. Total Cost $ 

*This does not include turn-outs or sluice-gate s t ruc tu re  which 
may be necessary. 

- N- 



The 'Kepo ProSect has been given P r io r i ty  "A" i n  t h e  
index, and we f e e l  that  a f t e r  a study i s  made as  t o  t h e  needs cf 
t h e  pecple in  t k i s  v ic in i ty ,  it aay prove our most c r a c t i c ~ l  pro- 
ject .  It i 3  hoped that  a co-operative plan rtay bo agreed upon 
wi th  t h e  Hopis donuting 50 per cent of the labor cost and hauling 
dl rook w7,:ich my be needed. This project Pas been discussed 
vrith 3. Xilhur Perkinscn of the  U. S. India2 I r r i ~ a t i o n  S e r ~ i c e ,  
*ho believes it nay be included i n  t h e  1938-39 progrQlm of t h e  
I r r i g a t i o n  Service. :'iith the S o i l  Conservation Service sub jugat- 
i n g  300 acres of land *t -::LL?. .:- 1: ?'; .igproxir:ately $3,500 -us+ 
+ be spent on canal, turn-out boxes, over-flow structurss  and 
protsct ion dykes, Zr. Perkinson believes -t;'nese costs can be car- 
r i ed  by the  Indian I r r i g a t i o ~  s'krvice. Trro sausage s ta3i l !  zers 
neede6 bekween t h e  ciiversion d m  and the bridge nay be hilt by 
Ropi co-operative labor with mater ial  costs cerried by e i the r  t h e  
S o i l  Conservation Service o r  Indian I r r iga t ion  Service. 

We have not e s t h a t e d  the cost of the cossible s luice-  
gate s t ructure wb-ich n:ay he needcd 3-t the d ive r s im d a ~ .  I n  
t h i s  sarvey rye have made arough estimate only as  t o  t h e  t o t a l  cos t  
of the croject ,  f c r  with the various ten ta t ive  plans no accurate 
estimate riould be  jus t i f ied .  

Card &, Sketch j$., h a  1, a s  the  Polacca Projec-t;,is 
located approxinately three  miles south of the  Yepo Project ,  o r  
approximately f i v e  miies zouth of Toreva I i s s ion .  Lying south 
of the Polacca 'Xash, t h i s  project extends from the diversion s i t e  
two miles above the junction of the Polacca and i'iepo :?ashes t o  
approximately seven miles b e l m  the  junction of the brc washes. 
>Tithin t h i s  area are approximately 3,&0 acres.  A t  the upper 
end o f  t he  project are found 1,250 acres of heavy clay with 750 
acres of t h i s  t o  be used fo r  d e s i l t i n g  purposes and the  balance 
as hay land. South of t h e  propose6 hay land, 600 acres of l i g h t  
c lay lorn ,  c l ~ s s i f i e d  a s  'A" agr icu l tura l  s o i l ,  w i l l  be subjugated 
a t  a cos t  of $12 per acre.  1,290 acres of l i g h t  clay loam e x t e ~ d  
between the subjugated portion and the  lower end of the  project.  
These 1,290 acres  might be  cal led a safety fac tor ,  which m y  coa- 
pr ise  ag r i cu l tu ra l ,  Gangs, des i l t i ng  , and waste portions of- the area.  
Cn Sketch dotted l ines  roughly define the l imits  c f  the spread- 
ing area,  with a dotted l i n e  showing the approximate boundary 
between clay anci l ight c lay loam. &. E. iF. Johnson, the s o i l s  
representative,  believes the  ag r i cu l tu ra l  land i s  some of t h e  
f i n e s t  on the reservation. 

A r a the r  detai led reconnaissance has been m d e  cf the 
project  with leve ls  run on e i the r  s ide  of the Polacca ';rash and 



the  closed c i r c u i t  t i e d  t o  t h e  Coast and Geodetic l i n e  befxeen 
Tuba C i b j  and Eolbrook, which extends from Toreva bTission t o  
Polacca. Using ccntact  z r i n t s  of t h i s  v i c i n i t y ,  1" - to - the - r~ le  
a e r i a l  mosaics, handlavel and plans t ab l e ,  t h e  5' contour i n t e r -  
va l s  ne r e  p lo t t ed  as  on S,ketch No. '-. 

Three possible d m  s i t e s  were examined, shwm a t  A, 
B,  and C. A t  Point A we hoped t o  d i v e r t  vrater t o  e i t h e r  s i d e ,  
u t i l i z i n g  l and  :.n the  viciniQf of Giant ' s  Chair and approximate- 
l y  1,200 ac res  of the  "A" a g r i c u l t u r a l  por t ion  a t  t h e  lmrer end of 
t he  project .  S c i l s  Eear *Giantts  Chair proved to be very ! l e a v ~ ,  
and f o r  t h i s  reason t h e  propcsed d m '  a t  Point  A was r e j e c t e d .  
A t  Po in t  3, it i s  p o s s i 1 e  t o  cons t ruc t  a complete e a r t h - f i l l  
d ive rs ic?  dam wi th  no p ro teo t ion  dykes needed belovr, s ince  i t  
i s  a t  t h i s  po in t  t h a t  t h e  high ground t o  t h e  south of Polacca 
Xash begins. Construction of the  d m  a t  t h i s  point, 
would allow t h e  f l cod in~ ;  of only 2,CCO acres: A t  P o i ~ t  C ,  
which is  e. proposed s i % e  of t h e  divers ion d m ,  a t o t a l  of 3,140 
ac r e s  may be u t i l i z e d  a s  nentione? before.  

From the  expectsncy char t  on ?age \o me have es t imated,  
as shmm by Ilise 2, t h a t  a 10-year prob3ble flood w i l l  be 5,500 
c.f .s. Desisning the diversic:: dam t o  k m d l e  5,500 C.P.S., w e  
have provided f o r  the passage of 3,000 c .F .S . t o  the  spreading 
ground on the  south w i t h  t h e  balance t o  spread between the 
Polacca and Xepo gashes. On Sketch Ro. 4 we  have ou t l ined  dykes, 
1 t o  12 inclus ive ,  needed t o  p rever t  f loods from concentra t ing 
again  i n  the Polacr : '?{ash. Tentat ive des ign of t h e  d ive r s i on  
durn comprises 23,000 yards  of earth-vorlc. The dykes w i l l  m o u n t  
t o  nea r l y  j0,000 yards. of ea r th .  It  i s  hoped t ha t  by using heavy 
machinery earth-vork w i l l  co s t  not more than  15p' per yard;.  i n  
our c o s t  summary, hoxever, we have all.orred 20$ per ya rd .  Break- 
ing ::anks, a poss ible  core  wall, .and rip:ap proteot ion w i l l  a- 
mount t o  $1,400. 

The grade a long the  spreading ground var ies  f r o m  .& 
t o  .6$. It m i l l  be necessary t o  provide rock  and w i r e  s t a b i l i z e r s  
i f  head-cutting begins along t h e  s teeper  grades.  Ten of t h e s e  
have been allowed in  t h e  cos t  es t imate  a t  $780. 

Otl t h e  sketch we have shown a masomj  drop s t r u o t u r e  
a t  t h e  lower end of t h e  p r o j e c t  wi th  dykes 13, 14, and 15 need- 
ed t o  d i v e r t  f lmrs  t o  t h e  s t ruc tu re .  Since it m i l l  be seldom t h a t  
water  reaches t h i s  v i c i n i t y ,  me suggest  t h a t  ths drop s t r u c t u r e  
and d@s 13, I.,!+, and 15 be* deferred.  Should head-cutting begin  
a t  t h e  Polacca below t h e  drop s t r u c t u r e ,  t h i s  cu t t ing  can con- 



t inue  f o r  a mi le  before it m i l l  be necessary  t o  cons t ruc t  t h e  
drop system. (see Sketch >To. 4.) Estimated cost of the d rop  
and dykes i s  ?;8,550 providing for  X e i r  cpening of 150' by 5' 
t o  by-pass 2,000 c.f .s. 

?Jr. Ernest Ficholson, the agronoq; represen ta t ive ,  
allowed ::12 an acre as su? jugat ion o f  600 acres  o f  "A" ag r i cu l -  
t u r a l  land. Using t r a c t o r s  and t e r r ~ w r s  f o r  the border ing,  it 
m y  be poss ible  t o  s u b j u ~ a t e  this .  l a n d  a t  around (:9.00 an acre.  
It i s  ?rob-'-18 that very  l i t t l e  l eve l ing  m i l l  be necessary ,  f o r  
with a grade o f  .4": w t e r  c a n  e a s i l y  be handled. 

As shovrn o n  Sketch Bo. 4 t h e  t o t a l  cost  ill be $29,060 
with t h e  drop s t r uc tu r e  and dykes 13, l h ,  and 15, o r  $20,510 
should t h e i r  ccnst ruct ion b e  deferred.  To j u s t i f y  the p r o j e c t  , 
the ra- ge represen ta t ive ,  Xx. 'J. 3. XcEimey, and +he agronomy 
represen ta t ive ,  3. 3rnes t  Nicholson, be l i eve  the 500 a c r e s  of 
hay l a n d  may be n o r t h  910 an a c r e .  T i t h  600 acres cf agri-  
c u l k r a l  land at $40 an a c r e  we con j u s t i f y  a total expenditure 
of $29,000. As mentioned before t h e r e  a r e  1,290 a c r e s  of addi- 
t i o n a l  land which my be used fo r  a g r i c u l t u r e ,  renze ,  d e s i l t i n g ,  
or waste.  

From an eng ineer ing  standpoint  this and t h e  :Yep0 Pro- 
joot 'nave been given priori-tTj "A", and as  d iscussed l s t e r  t h e  
needs of the people i n  t h i s  v i c i n i b j  must 3e determined before  
we can  laow which p r o j e c t  i s  more p r a c t i c a l .  

Card No. &, Sketch 110. 5, h o t m  as the Taylor Springs 
Project ,  i s  located a t  Taylor s ranch,  approximately f i ve  miles  
nor theas t  of t h e  v i l l a g e  of Polacca* The 1nd:an T r r i g s t i o n  
Service ,  when d r i l l i n s  a r r e l l  a t  Taylor 's  ranch, s t r u c k  an a r -  
t e s i a n  flow o f  2,500 gallons per hour.  A t  t h e  ? r e sen t  t ime ,  
however, the a r t e s i a n  flow i s  approxim:tely 1,200 gellons pe r  
how, which ~il ight  b e  increased t o  1,600 gallons p e r  hour by 
r epa i r i ng  the casing. This equals 3 t o  4 acre-fea-k per n o r t h .  
According t o  t h e  water  ana lys i s  a v e r y  h i ! ~ h  percentzge of 
"lack al 'a l i  i s  found, vh i ch  without optimum s o i l  and exce l -  
l en t  dra inaes  mkes t h e  tvatar t o t a l l y  u n f i t  f o r  a g r i c u l t u r a l  
purposes. A care fu l  sarvey of t h i s  v i c i n i t y  has loca ted  some 
exce l len t  s o i l  approximately one-half n i l e  &loin t h e  well. 
2,400 f e e t  of 2 9  p i p e  ail1 b e  needed t o  convey the flow t o  
the b e t t e r  s o i l .  A prooosed storage r e se rvo i r  v i l l  be looa ted  
i n  t h e  heavy c l ay  t o  the  n o r t h  of the a g i c u l t u r n l  area. 

3 Estimating the  f lom a t  1,200 ga l lons  per hour, rrhi-ch 
i s  aboutnacre-feet  p e r  month, we have compiled t he  chart s h m  



ROAD EROSION 

A t  &jmts Canyon an  Indian Service Roads Division i s  
located, handling; the construction and maintenance of primary 
and secondary roads of Unit 6 and v ic in i ty .  Very l i t t l e  erosion 

on Sketch Wo. 5. Stock-water usage v r i l l  be  .2 acre-feet, per 
i lo~I3 -~ ;  evaporation a n d  seepage lcssos w i l l  vaqr from 1 .:o 2.5 
acre-faet pe r  month. Froa October and continuing u n t i l  April, 
vrater wi1.l be iqounded i n  the  reservoir. Fron . ipr i l  un:>il lu te  
Septombcr t h e r e  w i l l  be heavy vrithdrarial f o r  i r r i g s t i o z  Furposes 
as sl~olm i n  t h e  l a s t  c o l ~ m  of the chart. Ve must constrnct a 
storage re:;ervoir t o  impound nearly 10 acre-feet t o  a l l o w  the 
i r r l ~ n t i o n  of 5 acres ~ i Y n  each acre receiving a?proxi:r;otelg 
3 acre-feet of vrater in  the  s ix  monthst period froin April thrcugh 
September. 

Should we f ind t \e  a r t e ~ i a n  flow ap~roaches  1,600. gal- 
lons per hour, n9 may plan on the u t i l i z a t i o n  of 9 acres 2or trucl: -- 
gardening. however, me !~ill need a storage reser-coir irnpo:_!ndiny, 
15 acre-feet i f  9 acres  a r e  t o  be i r r iga ted .  The lover  chart on 
Slietcr~ No. 5 show t h e  estimated losses,  usage and expected sup- 
ply on hand each month in  acre-feet with a flow of 1,6CO galloris 
per minute, o r  4 acre-fset  per month. 

Cost cf pipe kine w i l l  be ?340; calla1 and m i s c e l l a m ~ u s ,  
$500; and storage reservoi r ,  n 1 , 2 ~ ~  t c ?  r?2,000 depending on the 
storage capacibj desired. It i s  probsble t h a t  the actual  x a t e r i a l  
costs wi l l  no t  exceed $150, for  donated t e a 3  work can possibly 
be secured on the reservoir .  

It i s  imperative, therefore,  t h a t  an accurate estha-t;e - 
be made of t h e  expected a r t e s i an  f lmr a f t e r  the v e l l  i s  repaired; 
for wi th  5 acres  un2zr the project t he  cost per acre r r i l l  be 
from >300 t o  $510, while mi th  9 acres ,  the cost per acre w i t 1  be 
from :$l50 t o  $370, dependent upon a v a i l a b i l i t y  of domted l%bor 

In our cos t  es t ina te  we have not allowed f o r  the construc- 
t i on  of a drainage system rfiich w i l l  %e necessary i n  the future;  

' f o r  eventually,the s o i l s  re r~resenta t ives  s t a t e ,  adequate draizage 
w i l l  be imperative. We sucgest t ha t  th i s  project be carefu l ly  
ex~n ined ,  f o r   it a p ~ e a r s  from an engineering stand?oint t o  be 
quite feas ib le .  (see S o i l s  Report f o r  s o i l  and w t n r  analyses.) 



i s  fouad d o n g  the pri;nery and seconary roads fo r  t h i s  i s  c ~ r e f u l l y  
watched by the  maintenance crev. The only serious e r ~ s l o r z  prob- 
lem along t h e  b e t t e r  travelled highways i s  et the norxh end of 
Quadrangle 14, where irainz ge j .9.21 brings heavy f loods t o  f a m  
No. 153 and has s tarked head-cutting along the Pinon Eighvmy a t  
the south end of t h i s  f z m .  This w i l l  be handled as shovm on Card 
No* 12. 

Kithin the  c r i t i c a l  erosion control  and water spreading 
areas r a the r  serious erosion i s  fou9d alcng t r a i l s  and ungraded 
roads. Yie have estimated t h a t  construction ~iit'1i.n t h e  c r i t i c a l  
pro!ects can control t h i s  erosion. Over t h e  halance of Unit 6 
very l i t t l e  cut t ing i s  r'ound near wagor, paths and ~mgraded %ra i l s ;  
fo r  t h i s  reason no es t imate  i s  m d e  of addi t ional  work needed t o  
handle roadside erosicn.  



AGRICULTURE 

Below i s  shorn ax1 ag r i cu l t u r a l  land segregated i n  A, B, 
C c l a s s i f i c a t i o n s  acoording t o  r a i n f a l l  and f lood sotiroes of 
water supply. 

CUSSIFICATIOK OF AGRICULTURtU. LAND* - 
Presen t  Farm Land Expans i o n  -- -- -- 

Class A B G Total  A B Tota l  - -- 
Scb- Rainfa l l  1 23 2 26 

Sub- Ra infa l l  209 220 - L.23 

Unit Flood 795 129 13 937 637 13 650 

Sub- Ra infa l l  243 912 3 1,158 
Unit Flood 1.807 ?Id - 2 . h 8  1& 1& - .  - .  - .  

lrlc Threo Total  2,050 1,253 3 3,306 124 -- d 

Grand Total  14,207 1,843 34 6,('34 685 63 - 9M** -- 
COST SUhWY 

Fram the a g r i c u l t u r a l  r e p o r t  by E o  8. Nicholson t h e  oos t  of 
a g r i c u l t u r a l  developments w i l l  b e  $23,298.00. This represen ts  bor- 
dering, leveling,  ter racing,  spreaders, e tc .  on present  and pc ten- 
t i a l  fan? land and is exclusive of subjugation of Farms A 0 2  and 
#93, &!ad. 7, which a r e  no t  included in the  Lgronorny report .  This 
f igure ,  $23,98,OO, i s  subjugation cos t s  only and does not  repre -  
s en t  diversion, protect ion dykes and c o s t s  of e ros ion  con t ro l  and 
water spreading a s  shown i n  t h i s  report .  The char t  on t he  following 
page is  taken from t h e  agronomy report .  

* Frau Agronomy Report, Table 111. 
* Includes Expansion on J v i c u l t u r a l  Developnents an4 a l l  expan- 

s i o n  f i gu re s  shown on ineer ing Projeot  Cards. 
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Present Farn Land &.pans ion 

- A Cost B Cost A Cost B Cost 
Sub-Unit 1 465 $7,285 10 $180 115 $1,950 50 $900 . . --- 

Totals 998 $11,468 18 $34.0 840 $10,590 50 $900 

TOTALS Acres Cost 

A 1,798 $22, . h s  
B 68 1,240 

1,866 $23, 298 
I 

For crops raised, farming practices,  yields,  suggested crops 
etc., sce agrioulturs eport by E. A. Nicholson. 

In the index (page 31) i s  a complete segregation of ~ 1 1  
engineering and subjugation cos ts  as  t o  sub-arcas and types of 
projects ,  whether Ekosion Control and ?Later Spreading, Special 
Erosion Control, or Agricultural  Projects,  A br ief  summary of 
these costs follows: 

Erosion Control and ?,l,!i.ter Spreading -------------- 839 40 
Special Erosion Con-krol: 

sub jugation S4, 147 
Diversions, spreaders, etc,  ----------------- $ 4,005 

Agricultural  Deve1opmen.t~ : 
Subjugation I-------------L -- $18,900 
Diversion, canal, d;J4es, etc. ------ ----0---- $26.600 

PROPOSED 'XUIK PUN 

In the index the Fzosiox' Cantr 01 and 'Akter Spreading 
Projects  and Speoial Erosion Control Projects have been classed 

* Agronomy estimate of $23,298 does not  include sub jugation of 
Farms 402 and 403, Quad. 7 but  does c ver Farms 50 and 67, Quad. 

not in engineering estimate of $23,947 - hence the discrepancy 
in the two gigures . 



a s  c r i t i c a l ,  s emi - c r i t i c a l  and secondary. C r i t i c a l  Erosion 
Control and 'i7ater S p e a d i n g  P ro j ec t s  a r e  v e r j  badly over-grazed 
ahd se r ious  sheet  and g u l l y  e ros ion  has begun. Range con t ro l  
i s  suggested wi th in  these  c r i t i c a l  areas  w i t h  engineering 
cons t ruc t ion  t o  be s t a r t e d  immeFiately. C r i t i c a l  and semi- 
c r i t i c a l  S>ec ia l  Erosion Control P ro jec t s  mount  t o  $1,850 
excl . ;~sive of subjugation costs  and should be t r e a t e d  a s  soon 
a s  p r ac t i c a l .  I S  . 

Semi-criti  c a l  Erosion Control and W t e r  Sprsadinrg P ro j ec t s  
do n o t  need in tens ive  treatment.  It may be b e s t  t o  v ra i "c t i l  
range con t ro l  al lows a recovery i n  vege ta t ion  on t h e  spreading 
grouads before  work i s  begun wi th  only t he  s e r i e s  heads t r e a t -  
ed a t  present .  Y i t h  an e f f ec t i ve  stocil control  p r o g r m  we 
may expect e.n appreciable  increase i n  volume and dens i t y  of 
vegeta t ion.  A 1 1  water  spreading w i l l  then  be p ropor t iona l ly  
more e f f ec t i ve  and danger from gul ly ing a t  the  l m r ~ r  end of 
t h e  spreading ground w i l l  be ma t e r i a l l y  decreased. 

Concerning the ag r i cu l t u r a l  developments, those  on Cards 
2 7 4 ,  and -* have been given y r i o r i t r j  o r  F e a s i b i l i t y  
C l a s s i f i c a t i on  A, whi le  those on Cards 78 and :::!23 a r e  g ivan 
C la s s i f i c a t i on  B. As mentioned under t h e  s ec t i on  "Agricultural  
~eve lopuen t s "  we f e e l  t h a t  the  Xepo Pro jec t ,  Card G17 and the  
Polacca Projec*, Card +%I, a r s  qu i t e  p r a c t i c a l  and should be 
g iver  .Jery considerat ion.  Should the  people of Second Lbsa 
need no add i t iona l  land we f e e l  the Xepo Pro jec t  should b e  
constructed f i r s t ;  however, i f  t h e r e  i s  a d e f i n i t e  need f o r  
add i t i ona l  ag r i cu l t u r a l  land a t  bo th  F i r s t  Mesa and Second Xesa, 
a r a t h e r  inkensive and d e t a i l e d  survay my be necessary t o  
deternine  ~ r h i c h  y o j e c t  should be considered f i rs t .  

I f  heavy equipment i s  ava i lab le ,  the  Polacza P r o j e ~ t  may 
wwn. 

be  more f ea s ib l e ,  p a r t i c u l a r l y  i f  it appears t h a T 4 a g r x u l t u r -  
. a 1  lands w i l l  become imperative in  the  fu tu re .  A g rea t  many 
f a c t o r s  en t e r  i n t o  the_ r e ~ p e c t i v e  mrits of these  two p ro j ec t s ,  
and ca r e fu l  considera t ion :hould b e  given them both. 

other two A a g r i c u l t u r a l  p ro jec t s ,  Taylor 
FarmGl53, Card$12, i m . e d i a t e a o r k  should 

begin  on Fs rn  =$153. This i s  v e r j  c r i t i c a l  and must be s t a r t e d  
a t  once, Taylor Springs Pro jec t  i s  discussed under "Agricul- 
tural l3evel~)tpents". 

ae fore  ,onsti-uction be  ins ,  topo raphic  surveys w i l l  
be  needed on Cards #2, %, $12, $17, $23, $26, "27, &I m d  
$42. A r a t h e r  de t a i l ed  reoonnaissance has been made of -the 



var ious  p o s s i b i l i t i e s  a n d b i t  i s  hoped our e s t i m t e s  are not  
more than 1@ t o  135 off.  

An out l ine  of t h e  proposed work plan i s  g i m n  below: 

I. I m e d i a t e  treatment: Cards +%', $12, %A, +29, .+35, #36, 
#37, $98 and #22. 

11. Secondary treatment on semi-c r i t i ca l  S ~ e c i a l  Erosion Con* 
t r o l  Pro jec t s  and those port ions of semi-c r i t i ca l  E ros io l  
Control and Ta t e r  Spreading Fro jec t s  where b e t t e r  sprezd- 
ing  ground i s  ava i l ab l e  and se r ious  heads fomd .  , 

I11 ,Immediate. and ca r e fu l  ions idera t ion  of Agricul tura l  Devel- 
opments shmm on Cards #17, #-I ,  $42 with  secondary con- 
s i de r a t i on  of ~ & d s  , %  and :23. 

N. Devolopnent of a g r i c u l t u r a l  p ro jec t s  t o  be  considered from 
long range viewpoint a s  t o  f u t u r e  need f o r  a g r i c u l t u r a l  
land i n  t h a t  v i c i n i t y .  

V. Topographic surveyszon Cards #, %,-?12, #17, $3, &!7, 
+b1 and before  const ruct ion begins. 

V I .  A planned mintanonce progr&n t o  be ca r r i ed  on i n  con- 
junct ion wi th  per iod ica l  checks of new erosion concen- 
t r a t i o n s  and cara fu l  observations mde  as t o  range recov- 
e ry  and gul ly  heading a s  a f f e c t i n g  p r o j ~ c t s  vrhicli ray de- 
velop. 

VII.Irnmediate e ros ion  con t ro l  along t r a i l s  and r0ad.s and a 
sound pol icy o f  road construct io?  wi th  c a r e f u l l y  plarmed 
drainage s t ruc tu r e s  and erosion pro tec t ion  f ea tu r e s ,  

A11 of the other  d i v i s i m s  have given t h e i r  f u l l  
co-operation in bo th  t he  f i e l d  and o f f i oe  tovrard t h e  prepa- 
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C&T SUl:QtMY, PRCPGSED PROJECTS L.lhoU. #6 Sub-unit 1 1 , ,.. g ,  . , . .  1 :: .. . : 
. +  . 

,.. ' i I !: . '- 

. .... g .- . 
Cost Cost . - .  1 i :;::'. , ,  

: .  COS* (lost - 'h 
. ,  : per Erosion Water Sub ju- ( .  . . .. i . 1 % .  ,,/,:. 

Cnrd. Quad. . .. . ,.. ~ 

Description of Project ..:' 1. i I;:': , . . ...- - Bo . IJO. Projoct No. Acres Acre Control Spreading gation Priorlty ;(. 

. . ! I  ... - ' " .. . , . , ! . . ' . '  ; . . I : . t: 

L! E.C. 8:V.S. &-F $15 3 210 Semi- Control 21-51 Heads & bullies B i. : .. 4 
270 $ 270 critical protection Farms 491, ;%2, #33 i .  

?ro ject 1 1350-R LO$ 1 i 
I.,!+ EC.&\T.S. Soxi- Scattered t.; varied treatment with i i 5 . I 

I$,~OO-R 30$ 8 705 $ 705 Critical small dykes, checks, spreaders. ; 1 Project; 2 : : i t 

1 j l,!~ EoCo &':loso Semi- Rather intensive treatment with earth : j: ( .  : : , .  :. 

Project 5 7,350-R 30$ $1,100 ?1,100 - Critical horseshoe dykes, spreaders, gully . . . . 
i ! plugs, etc. I :  

14 14 E.C. PC X.S. 3,200-R 200 - Semi- Intensive treatment over grassland i j 

Project 6 3CO-G $1.50 $54.5 S 545 - critical near tank M-43 & scattered treat- 
ment over balance. . . j j  

* -  
1 j 

. * 
lL. E.CO&lN.Sa Semi- 13 - 3' . Heads over most of this . 1. 15 : I  i 

Project7 13,500-R 15/t $1,015 $1,010 - Critical area. Treatment rock B brush cheoks & . .  !, 1 
small earth dykes. i ; 

3. 13 E.C.~:VLS. Second- 151 -300'. Spreaders k. 2000 yds. earth- 1 
Project 1 7,400-R 15$ $ 550 $ 550 a m  - w0t.k. I.hs been turned in a part of 

EoCo #lo Unit 4. 
j / 

1. 
i -  + ! 

8 14 E.C. & '+i.S. Second- Very scattered treatment alongnorth- 1. ! . .  

Project 3 4,250-R lo$ $ 215 210 - at? west side Polacca Wash. . j I  
11 a E.C.&;J.S. Second- Small scattered struhturesnrar mesa 1 ,  i , 

Project 4 l~l.,OOO-R 10$ $ 700 $ 700 - top. Rock cheoks & drops ti earth a r Y  . .. 
t : .  

horseshoe dykes. , ; :. 

i : 
, . 

' i . . . ,  
TOTALS 4-F  1 :  

, . 3004  . a 

55750-R $5,310 $5,090 
,. , . . i ; ! . .  : ., .. i . .  . 

.. . E.C. - Erosion Control F - Farmed . , a . 1 )  ;. .- 
A::: I:I.S. - iVater spreading R - Rage 

G - Grassland 





M I 

COST GUiLIliR'f, P~OP:ISEI, ITOJJ3CT L.3.U. $6 Sub-unit 2 6 
4- ,. + 

w= 3 .  

Cost; cos t  Cost 
Card Qu t*  per Erosion Water Subju- a I i - - -2 

I 

3 ITo. 170. Project; ITo. Acres Acre Control Spreading yat ion  P r i o r i t y  Description of Pro jec t  - I 
* - 

5h 15 E .Z . E :iT.S. 31~00-Ti 60# ?1,020 !&020 C r i t i c a l  Approx. half cos t  e a r t h  dykes & , LC 

Frojec t  1 diversions.  Dalance checks & drops 
a t  head-cutting. 1' 

29 
--- 7 E . .  9000-R 49-:# $2,225 !;2,225 Cr : t i ca l  Intensive t reatment  over e n t i r e  

Pro jec t  3 a rea  with spreader fences and . < - 1 

diversion dykes, -+- - C 

28 7 C ,C. t: 3. S. 1000-R 35$ $ 3-75 175 Semi - Three divers ion  dykes and four I 
Projec t  2 c r i t i c a l  spreader fences on small gully. 

(6 %W TOTAL 15 ,~JCO-PC 53 , ) - ~ 0  
e ,  

17A 14 Special  E.C. 21~-F $21 $ 200 $ 100 . $ 222 Semi- Development Farms #150 and 1 I .  4 

Projec t  c+t\ &\ I ' .  
and diversions t o  these dams. , 

L t' 

' 26 7 Specia l  E.C. 175-F $5.00 Se : -  Development Farm #&8 875 CV3\V&. Projec t  6 L .  k 

27 
. . 7 Specia1E.C. 130-F 86.k0 $ 150 $ 70 $ 800 Semi- Development of Farm #lu and 3 , b 

Projec t  7 30-Exp. c r i t i c a l  dykes t o  s top  head-cutting. ,. . J 

24 7 Special  E.C. 850-3 300 8 125 $ \30 Second- Three spreader fenoes above heads ! 
, - 

Projec t  .!I a r  y on e a s t  s i d e  Oraibi. - r e  

25 7 S p e c i a l 3 . C .  3-F 331/3# $100 Second- Tvro spreaders d iver t ing  gully 
Project  5 arY onto Farm 

30 7 Specia l  E.C. 250-R 30$ $ 75 Second- Special  Road Proteation. Read- 
Pi-oject 8 cu t t inp  threatening 250 acres.  

TOTALS 30-Exp. $655 $295 $1897 
1100-R 
332-F 

23 7 A y r i ~ u l t o -  50-Exp. $36 Diversion c3.050) $ 750 B Diversion of Wash 2 .a t o  south 
ril. Devel. &: dykes a l lming  expansion cf 50 acres .  
+l 
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COST SrlX.XRY, PROPCSED PROJXCTS L.I?,U. #6 Sub-unit 3 
- 

Cost Cost Cost Cost - .. - .. 

ZCorl quad. 
_.. . per Erosion Water Subju- ..-.. z Bo. Bo. Frcjject Bo. Acres Acre Control Spreading gation P r i o r i w  Description of Project : *. 

- -- --- - - - - - - - 

35 96-7 LC. & n.3. 21,500 21,d $2,250 $2,250 Cr i t i c a l  Scattered treatment over en- 
I ro j ec t  1 t i r e  area vdth horseshoe dykas 

- and spreaders. 

36 9& LC. t s 13,100 22&! $1.475 1;1,~75 Cr i t i ca l  Work concentrated along Sac- 
Pro jc :t 2 catone valleys-long spreaders 

and horseshoe dykes. 

37 1l E.C. k7.S.  11,200 25$ $1 ,lt00 ::1 ,LOO Cri t i ca l  Intensive treatment dykes & 
9 Proiect 1 checks of zrea south & east  

U 

16 of Blue Point. 

38 16 s.C.  :C 7 . S .  4,700 206 $ 470 $ 470 Cri t i ca l  Iiorceshoe diversion dykes and 
Project 1 - water conservation dsms . 

18 7-97 E.C. 8: W.S.  '2,300 ll0g $ 460 1 460 Semi- Dyke around 5':Cnqfnr middle of 
Project 1 c r i t i c a l  project and several spreaders 

along valley f loor.  

22 7 Special E.C. Xe:v Sch. 6 150 Cr i t i ca l  Three l ines  of windbreaks 300' 
Pro-ject 3 Oraibi long - Total - 900 feet .  

19 7 Special E.C. 30-F $21 1 100 $ 80 $ h50 Semi- Development Farm #151 
project 1 c r i t i c a l  

31 7 Spec in l  E.C. 16-F $11.50 $ 105 $ $ 80 Semi- Development Farm #398 and pro- 
Pro jec t  9 c r i t i c a l  tect ion dykes to  protect head 

erosion. 

33 7 Special E.C. 16-F $&..70 $ 175 $ 90 Semi- Development Farm #377 & #378 
Project 11 c r i t i c a l  and dykes control head-cutting. 

20 7 S p e c i d  E.C. 3.44' $12.60 S 110 C 110 3 210 Second- Developent Farm #153 and 8156 
Pro.ject 2 arY and protect-ion dykes from head- - 

cutting be lw .  



. - .- 
c o s t  cos t  Cost Cost - I% { .# I@ 

Card Quad. p s r  Erosion k t e r  Sub,u- I & 
Ro . IJo. ProjectITo. Acres Acre Control Spreading gat ion P r i o r i t y  D e s c r i p t i m  of Pro jec t  ;: it -. B 3 
32 7 Specie1 E.C. 350-R .!LO# $100 w 6 h0 Second- Spreader fences above head- i 
- - P r o ~ e c t  10 a r y  cu t t ing  threatening 350 acre€  ; . s 

311. 7 Spec i r l  E.C. 600-R 35/t $ 1 ~ 5  8 105 Second- Dyke and spreaders t o  di-  ; -/" -.. 
' a  

Projec t  12 arY v e r t  water onto spreading 
ground . + $ ,  ' ,  

39 16 S p e c i d  L C ,  80-3' f 5  $ 400 Second- Development Farm #l by oon- 
. Project 1 hr s t r u c t i o n  6 - 600) spreaders i ' r 

40 16 s y x i n l  E . C .  1-Z' $20 $ 60 yt A 60 Second- f i r 0  dykes t o  d i v e r t  wnter I I - - 4 

Projec t  !/2 . 50-R arY from h e ~ d s  on e a s t  s i d e  of ., 
Polaccn t o  south .  , :c 

t '. 

r c 
15 Polaccu Pro. 3&0 Diver. Sub-Uni t Two . T f 

4 
s J 

dykes& %e Sketch No. 4 F, - 
16 A f 'i spreaders -$13,310 87,200 

. i 

112 
e; 

8-10 14 Taylor Spgs. Pipe-line& I,; Sub-Unit ' One. :$ 
I 

- 'L Projec t  Re s crvoi r  -$1500 - A See Sketch No. S t i  
1 3  
9 

21 7 Se,, - A o b d , ; e ~ k G ~ ~ c  bdow L,, J -,,. Inves t iga te  again i n  5 years. ,I 

16 14 8 .  ,. .. ., . . l Inves t iga te  again i n  5 years .  Z ;i r;: +--,-.-- ; 
I 

$2 
r -6  .- - 
" A  



. ." 
PROJECTS lKCTHIIT P. C . $$ -!?D i5 ( ~ n c l u d e  wi th  Unit 4.) n - .. 

- - - 
cos t  Cost Cost Cost 

Card Quad. per Erosion ';later Subju- 
No. No. Project  P!o. Acres Acre Control Spreading gat ion prior it.^ Description of Project  -- 
43 7 E.C. &i'i.S.+ 820 30$ & 120 $ 120 - Second- Protect ion head-cutting f r o m  

r t ~ w  ~k-7 OraiFi a t  drainage 2.26. 

b 10 E . C . & V . S .  10,750 40;? $2,150 $2,150 Semi- ) These four  projects  a re  located 
14 o ~ t t  c r i t i c a l )  on e i t h e r  s ide  of t h e  3ra ib i  'Gash 

45$ 875 9 875 Semi - ) at t he  nor th  end of the  U n i t ,  
97 E.0. ZC 3.S. 3,900 

n p  and are included wi th in  PoC. -#\, - c r i t i c a l )  - - . .which ia i n  Unit k.  These pro- - 

116 97 E.C. & W.S. 3,650 5 $ 820 1; 820 semi- ) j ec t s  wore not  surveyed o r  wit- 

7 NDV c r i t i c a l )  t e n  up i n  repor t  on Lbhfb U n i t  4. 
10 ) Treatment w i l l  consis t  o f  spread- 

ers and dykes along f loor  of 
47 97 E.C. k i T ~ . S ,  4,6& ko$ $ 930 f 930 

7 RE'? - c r i t i c a l  

48 7 Spc.Eros. Diversion dyke t o  c i i ~ ~ t  gully 
Cntr . "F" 60-F $11 $ 175 $&I0 Second- cut t ing  I n t o  f i e l d  t o  south and 

a r y  spread vmter on farm. 

See following page f o r  addi t ional  
segregation of estimated costs .  
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QUAD. No. 14 

I AGRiZULTURAL 
DEVELOPMENTS 
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CARD N 6 6  

SOIL CONSERVATION SERV l CE 
RWERE . : FARLS t 4 a  SCAL: 



i ' .  
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LAND MANAGEMENT UNIT 6 
S-KETCH NO. 3 CARD 2'9 



POTENTIAL ACERAGE UNDER P R O J E C T  

Desiltt 'nq - 750 acres c l a y  

Hdy /and - 500 a c r e s  clay 
Aqr /cu l fura/  land- 600  acres / i  h f  clay loam f o  be 

s u b j u p  fed 
9 

CCST E S T I M A T E  

Also 12-90 

sqriculfurc , 



POLACCA PROJECT 
LAND MANAGEMENT UNIT 6 

NAVAJO DISTRICT 



10 Acre feet 
Reservoir 

5Acre Garden. 
---.--- 

'840. 

" 1,200. 

15Acre fee 
Reservoir 

9 Acres Garder 

Pipe line 

Total j 3z,540.* 1 53,:340 .* 

ROJECT- L.M.U. 6 

- 

Cost 
Per Acre 

j ' 5 0 8  1 ' 3 7 ~  

=k- Probable that actual rnaterlal 
costs wi!l not exceed '1,500 fo r  
donated teamwork .on rer]ervoir 
and hand labor can be decured. 


